Background: Chronic rhinosinusitis has a major impact on the quality of life of patients with cystic fibrosis (CF) 
C
ystic fibrosis (CF) is an autosomal recessive chronic disease that affects the airways (upper and lower) and digestive system of ϳ30,000 children and adults in the United States and 70,000 worldwide. 1 CF patients have a high prevalence (approaching 100%) of severe chronic rhinosinusitis (CRS), which is often associated with nasal polyposis (6-48%). [2] [3] [4] [5] The pathophysiology of CRS in CF patients is because of, in large part, impaired mucociliary clearance (MCC)-a critical host defense mechanism for maintaining healthy sinuses in normal individuals. 6 Although pulmonary failure leads to the ultimate demise of most CF patients, CRS has a significant impact on their overall quality of life and may contribute to lung disease pathogenesis. 7 Treatment strategies vary but usually include a combination of endoscopic sinus surgery, systemic and topical antibiotics/steroids, and nasal irrigations. The indications, timing, and degree of surgical management and postoperative care remain controversial.
Approximately 10-20% of CF patients require surgical management of their disease. 8 Of the patients undergoing sinus surgery, failure rates, requiring revision surgery, range from 13 to 89%. 3, 9 Consequently, many CF patients have had multiple functional endoscopic sinus surgeries (FESSs) by the time they reach adulthood. In essence, surgery does not offer a cure for these patients because the mucosa will never have normal function because of their underlying genetic defect and will always be laden with inflammation and heavy bacterial contamination that has to be controlled with additional medicinal, mechanical, and physical interventions for the desiccated mucus.
Maxillary sinus involvement, in particular, is a recurrent problem because the normal MCC pathway is through the natural ostium and against gravity. In CF, impaired MCC often leads to mucopurulent debris filling the inferior half of the maxillary cavities despite "adequate" maxillary antrostomies, which remains a reservoir for chronic infection and seeding of the airway. 10 Ensuring access to the sinuses to enable cleaning could confer benefit in addition to the conventional goal of providing adequate ventilation. The modified endoscopic medial maxillectomy (MEMM) procedure involves removal of the medial maxillary wall, essentially marsupializing the maxillary sinus into the nasal cavity (Fig. 1) . This allows clearance of the sinus without the need to oppose gravity or to occur through narrow anatomic ostia. In addition, the procedure permits physical debridement of mucus and polypoid edema in the clinic, improved clearance of mucus with nasal irrigations, and increased access for topical delivery of therapeutics. The effectiveness of aggressive sinus surgery, which includes a supportive care regimen using proactive clinic debridement and aggressive medical treatment, has not been previously reported.
The purpose of the current study was to prospectively evaluate the effectiveness of extensive surgical treatment with regimented postoperative medical care for severe, recalcitrant CF CRS. Three weeks of postoperative, culture-directed antibiotics and lowdose prednisone at 20 mg (3-8 weeks) were administered postoperatively to reduce postoperative scarring and contracture associated with the presence of extensive infection and inflammation. Saline irrigations were performed twice a day and as needed during the immediate postoperative period. Once spacers and debris were removed postoperatively, topical treatments, including a steroid and antibiotic(s), were prescribed. At the least, patients were on a nasal steroid spray, but the majority of subjects were placed on either budesonide (500 mg) or mometasone (600 mg) combined with their saline irrigations (120 mL). Patients with cultured Staphylococcus aureus used mupirocin (3-4 mg, compounded or ointment form) and nearly all used tobramycin or equivalent for Pseudomonas species. Those receiving pulmonary nebulized tobramycin on alternating months discontinued nasal administration during that time. Once healed, medicinal/mechanical irrigations and debridements in the clinic were continued to reduce severity of exacerbations, help keep mucus cleared, and decrease bacterial burden. The purpose of the culture-directed treatment and steroids was to complete the healing phase without severe infection or inflammation. Endoscopic debridements were performed at each postoperative clinic visit. Patients were scheduled to return to the ear, nose, and throat clinic for inspection and/or debridement of their sinuses every 3 months to coincide with their pulmonary CF clinic appointments.
METHODS

Subjects
Surgical Technique
The purpose of the MEMM is to permit wide marsupialization of the maxillary cavity and improve the ability of mechanical irrigations to clear inspissated secretions. MEMM also aids in the ability to perform postoperative debridement and optimizes distribution of topical medications. Using 0°and angled endoscopes, the middle meatal antrostomy is revised first, if necessary, with complete removal of the uncinate process. The inferior turbinate is incised several millimeters posterior to the nasolacrimal opening, leaving the anterior 1 ⁄3 of the turbinate to decrease the risk of "empty nose" syndrome or atrophic rhinitis. 12 The lateral nasal wall is then perforated anteriorly and a sagittal cut extended posteriorly to the level of the posterior maxillary wall. The medial maxillary wall is then removed following posterior and anterior vertical osteotomies. A mucosal flap pedicled on the nasal floor is elevated from the lateral wall and the ridge is drilled down until level with the palate. The maxillary sinus is now completely contiguous with the nasal cavity, while keeping the anterior 1 ⁄3 of the inferior turbinate. The loculated pockets of purulence are suctioned from the maxillary sinus without removing the mucosa. Finally, the pedicled mucosal flap is placed over the exposed maxillary bone and into the maxillary sinus cavity. Meticulous preservation of mucosa is attempted in all cases.
Revision surgery of the remaining sinuses is then performed. The sphenoid sinus is opened and all bony partitions of the ethmoid cavity are removed sparing the mucosa of the orbit, skull base, and middle turbinate. The frontal recess is dissected using frontal sinus recess instruments and a 70°scope for visualization. The bony partitions and any frontal recess cells are removed sparing all surrounding mucosa. Purulence is removed and the sinuses are irrigated with normal saline on completion of the procedure.
Outcome Measures
Subjects completed the validated 22-Item Sinonasal Outcome Test (SNOT-22) questionnaire 13, 14 before surgery and at each postoperative visit. Preoperative questionnaires were given after completion of aggressive medical treatment. Questionnaires were also provided before any assessments were performed. Standard demographic data, spirometry, and postoperative follow-up times were collected. Data were collected at 30 Ϯ 7, 120 Ϯ 30, and 365 Ϯ 30 days. The primary outcome measure included SNOT-22 scores at 60 days. Secondary outcomes included Lund-Kennedy endoscopic scores, 15 forced expiratory volume at 1 second percent (FEV 1 %) predicted, number of hospital admissions for pulmonary exacerbations in the year pre-and postsurgery. Lund-Kennedy scores were derived from pre-/intraoperative video and clinic video, but were not blinded because of the presence of the MEMM. Spirometry was performed using American Thoracic Society criteria as part of routine CF clinic visits. 16 Spirometry results were collected from outpatient values, but when associated with pulmonary exacerbations, spirometry before discharge was recorded. Outcome measures were tested for significance using paired t-tests or ANOVA as appropriate. A value of p Ͻ 0.05 was considered statistically significant. 17 CT grades were 21.4 Ϯ 1.6, indicating a high degree of disease severity (maximum of 24). Average follow-up was 482 days. Two patients did not return for 60-day follow-up but were seen during subsequent hospitalizations or clinic visits. Few adverse events were reported. Two patients had poor pulmonary function and advanced lung disease at presentation for surgery. They expired from pulmonary failure ϳ6 months after surgery, which was considered unrelated to their surgical procedure. Another patient also expired 1 year after her surgery from pulmonary disease. Only two patients required a subsequent operation under general anesthesia; both were for frontal sinus disease. All patients were otherwise routinely debrided successfully on routine clinical follow-up or on inpatient admission for sinus/lung exacerbations.
Sinus symptom scores by total SNOT-22 were significantly reduced at 60 days (64.7 Ϯ 18.4 presurgery versus 27.5 Ϯ 15.3 postsurgery; p Ͻ 0.0001) and remained decreased through 120 days and 1 year postoperatively (27.9 Ϯ 20.4 and 27.6 Ϯ 12.6, respectively; p Ͻ 0.0001; Figs. 2 and 3) . All subjects experienced a decrease in SNOT-22 (mean change, 37.2; range, 9 -81), which compared favorably with the minimal clinically important difference of the SNOT-22 score (8.9). 13 Robust improvements were also noted in nasal obstruction Fig. 4 ). There were no differences in FEV 1 % predicted before and after the sinus surgery protocol at 60 days (60.0 Ϯ 18.3 presurgery versus 60.3 Ϯ 19.7 postsurgery; p ϭ 0.48) and 1 year (56.6 Ϯ 21.6; p ϭ 0.61; Fig. 5 ). The number of hospital admissions secondary to pulmonary exacerbations in the year after surgery was significantly improved compared with the previous year (2.0 Ϯ 1.4 versus 3.2 Ϯ 2.4, respectively; p Ͻ 0.05; Fig. 6 ).
DISCUSSION
CRS in the CF population is a source of significant morbidity and may contribute to the progression of CF lung disease by seeding the lower airway with pathogenic bacteria. 18 As more CF patients have reached adulthood, a more aggressive treatment algorithm for CRS has emerged. Many adult CF patients have had multiple sinus surgeries-a fact highlighted by the patient group in the current study (average, 4.9). In a retrospective review in 2006 we reported the first use of MEMM in patients with chronic maxillary sinusitis. 19 All patients in this cohort had failed traditional maxillary antrostomies and the majority had prior Caldwell-Luc procedures that had stripped the mucosa from the maxillary sinuses. Results showed that MEMM was a successful treatment in this patient population (which included CF patients) and was associated with a low risk of complications, although prospective evaluation was not performed. In another retrospective case series, Schatz 20 reported on a very aggressive surgical approach for the maxillary sinuses of children with CF who had prior endoscopic sinus surgery. After bilateral Caldwell-Luc approaches and endoscopic medial maxillectomies, there was a reduction in symptoms as well as a significant decrease in hospital admissions and improvement in FEV 1 % in this patient population. However, with angled endoscopes and curved suction instruments, a Caldwell-Luc is not necessary if an MEMM is performed because the entire sinus can be accessed through this approach. Subsequently, Cho et al. in 2008 reported on the endoscopic maxillary mega-antrostomy (a modification of the MEMM) as a safe and effective treatment for recalcitrant maxillary sinusitis. 21 The present study extends these observations and for the first time shows that MEMM, combined with revision sinus surgery and aggressive postoperative medical management, is associated with a decrease in symptoms (improved SNOT-22 scores) and objective findings (improved Lund-Kennedy scores) after 60 days of clinical follow-up in patients with recalcitrant CF CRS. In addition, improvement was persistent at 1 year of follow-up, suggesting sustained improvements in symptoms and that nasal examination can be obtained with this approach. Optimal management of CRS in CF patients consists of systemic anti-inflammatory medications and antimicrobials, topical treatments, and, frequently, FESS. Topical nasal steroids have been shown to reduce polyp size and associated symptoms. 22, 23 In a recent systematic literature review, Lim et al. 24 concluded that the use of topical antimicrobials in the management of CRS is efficacious. However, this therapeutic approach may be limited by poor penetration of treatment agents. Other topical treatments in CF sinus disease include hypertonic saline and dornase alfa, which have shown benefit, but may also be limited by ineffective delivery. [25] [26] [27] The surgical approach suggested here includes aggressive sinus surgery, including bilateral MEMMs, which maximized patency of all sinuses. This approach not only facilitates intraoffice debridement, but also allows for more effective delivery of topical therapeutics in a manner not achieved with regular maxillary antrostomies. This may explain the robust response observed in our study.
There has long been an observed link between upper and lower respiratory tract disease. In a review from 2001, Passalacqua et al. 28 compiled evidence that supports the theory of a united airway. A clear link between allergic rhinitis/CRS and asthma has been established. In this patient population control of sinus disease has been shown to reduce the frequency of asthma exacerbations. 29, 30 The link between CRS and pulmonary function in the CF population is less defined. In 1997, Madonna et al. 31 failed to reveal any improvement in FEV 1 % in 15 pediatric CF patients after undergoing aggressive medical and surgical management of their sinus disease. However, in 2006 Shatz did show improvement in FEV 1 % and decrease in hospital admissions after aggressive surgical management of 15 pediatric patients. 20 Additionally, in a series of 37 CF patients who underwent lung transplantation, aggressive sinus management led to a lower incidence of tracheobronchitis and pneumonia. 18 This suggests that aggressive management of sinus disease in the CF patient population could have a long-term benefit on the degree of bacterial transmission to the lower airway. In our series, although we did not see a change in FEV 1 %, we did observe a reduced number of hospital admissions for pulmonary exacerbations in the year after surgery. The mean rate of acute pulmonary exacerbations in our study population before surgery was 3.2/year (range, 0-8), reflecting a relatively ill CF population at baseline. This decreased to 2.0/year (range, 0-5). These data suggest a significant benefit is associated with aggressive surgical management. Because FEV 1 % decline is associated with pulmonary exacerbations, 32 ongoing prospective follow-up, including spirometry data, will allow us to further delineate whether aggressive sinus surgery with regimented postoperative care can confer improved pulmonary function decline.
The data presented here exhibit a robust treatment effect for impact in sinus disease and confirms the safety and tolerability of this therapeutic approach in CF subjects with difficult CRS. Although other studies have noted significant improvement in quality-of-life measures after routine FESS operations using other validated questionnaires, the SNOT-22 has not been used as an outcome measure for the CF population and, thus, no direct comparisons are available. 33 These results warrant further evaluation of the protocol, including direct comparison with a control group with a larger sample size.
CONCLUSION
Prospective evaluation indicates significant improvement in symptoms with aggressive sinus surgery that includes MEMM combined with a comprehensive postoperative approach and was associated with reduced frequency of pulmonary exacerbation requiring hospitilization. Additional studies are necessary to determine whether this treatment paradigm will provide long-term symptom improvement and confer advantages in CF pulmonary outcomes. 
